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(57) ABSTRACT

The mvention relates to a catalyst comprising at least two
catalytically active layers, A and B, wherein A contains a
carrier oxide and components Al and A2, and B contains a
carrier oxide and components B1, B2, and B3, wherein Al,
A2, and B1 to B3 are defined as disclosed 1n claim 1. The
proportion of component Al 1n layer A 1s thereby greater
than the proportion of component B1 1n layer B, wherein the
proportion of laver A with respect to the total weight of
layers A and B, 1s greater than the proportion of layer B. The
invention further relates to a method for reducing nitrogen
oxides in exhaust gases of lean-burn internal combustion
engines and to an exhaust gas cleaning system.
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1
SCR CATALYST

The present mnvention relates to an SCR catalyst contain-
ing an oxide of vanadium.

The exhaust gases from motor vehicles which are fitted
with lean-burn 1nternal combustion engines, such as diesel
engines, contain carbon monoxide (CO) and nitrogen oxide
(NO,), as well as components which result from the incom-
plete combustion of the fuel 1n the combustion chamber of
the cylinder. In addition to residual hydrocarbons (HC),
which are usually also predominantly present in gaseous
form, these include particle emissions, also referred to as
“diesel soot” or “soot particles.” These are complex agglom-
erates from predominantly carbonaceous particulate matter
and an adhering liquid phase, which usually preponderantly
comprises longer-chained hydrocarbon condensates. The
liquud phase adhering to the solid components 1s also
referred to as “Soluble Organic Fraction SOF” or “Volatile
Organic Fraction VOF.”

To clean these exhaust gases, the aforementioned com-
ponents must be converted to harmless compounds as com-
pletely as possible. This i1s only possible with the use of
suitable catalysts.

In this way, carbon monoxide (CO), gaseous hydrocar-
bons (HC) and, 11 applicable, organic agglomerates adhering,
to the soot particles (so-called “Volatile Organic Fraction™
VOF) can be oxidatively removed using oxidation catalysts.

Particle filters are used to remove particle emissions. As
a rule, particle filters are wall flow filter substrates, 1.e.,
honeycomb bodies with two-way, gas-tight inflow and outlet
channels, which are bounded and separated from each other
by porous walls. The particle-containing exhaust gases
which stream into the intlow channels are forced to pass
through the porous wall by a gas-tight sealing plug located
on the outlet side and escape again from the wall tlow filter
substrate through the outlet channels sealed on the inflow
side. In so doing, diesel soot 1s filtered out of the exhaust gas.

The use of nitrogen oxide storage catalysts oflers an
option for removing the nitrogen oxides. Their cleaning
action 1s based on the fact that, 1n the lean operating phase
of the engine, the nitrogen oxides from the storage material
in the storage catalyst are predominantly stored 1n the form
of nitrates and broken down again 1n a subsequent short rich
operating phase of the engine, and the nitrogen oxides which
are thereby released are converted with the reducing exhaust
components 1 the storage catalyst to nitrogen, carbon
dioxide, and water. This operating principle 1s described 1n,
for example, the SAE document SAE 9350809.

Another known method for removing mitrogen oxides
from exhaust gases 1n the presence of oxygen 1s the selective
catalytic reduction method (SCR process; Selective Cata-
lytic Reduction) using ammonia on a suitable catalyst, the
SCR catalyst. In this method, the nitrogen oxides to be
removed from the exhaust gas are converted to nitrogen and
water using ammonia. The ammonia, which 1s used as a
reducing agent, can be produced in the exhaust system as a
secondary emission or made available in the exhaust gas
system and subsequent hydrolysis by injecting a precursor
from which ammonia can be formed, such as urea, ammo-
nium carbamate, or ammonium formate.

To perform the last-mentioned variant of the SCR method,
a source for the provision of the reducing agent—an injec-
tion device for metering the reducing agent into the exhaust
gas as required—and an SCR catalyst arranged 1n the tlow
path of the exhaust gas are needed.

Mixed oxides, for example, which are based in particular
on titanium dioxide and/or oxides of vanadium such as
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vanadium pentoxide, and which can contain other oxides,
such as those of silicon, molybdenum, manganese, tungsten,
and others, can be used as SCR catalysts. These catalysts are

described 1n detail 1n the literature; see, for example, WO
80/03366 Al, EP 0 345 695 A2, EP 0 385 164 A2, WO

2011/013006 A2, and US 2013/205743.

Because internal combustion engines 1in motor vehicles
are operated 1n transient driving cycles, the SCR catalyst
must also ensure the highest possible mitrogen oxide con-
versions with good selectivity, even under widely varying
operating conditions. Therefore, a complete and selective
conversion of the nitrogen oxide quantities which occur
should also be ensured at low temperatures, just as they are
at high temperatures, such as arise, for example, at tull
throttle.

However, previous prior art does not allow vanadium
SCR catalysts to be optimized simultaneously with respect
to low-temperature activity (1T<250° C.) and high-tempera-
ture selectivity (T=300° C.). An improvement in low-tem-
perature activity 1s always linked to deficits 1n high-tem-
perature selectivity and vice versa.

However, there 1s increased market demand for just this
type of catalyst. Therefore, the object of the present inven-
tion 1s to provide vanadium SCR catalysts which are dis-
tinguished by good low-temperature activity with simulta-
neously greater high-temperature selectivity.

This object 1s accomplished by a catalyst for the selective
reduction of nitrogen oxides comprising two catalytically
active layers A and B, wherein

A contains a carrier oxide and the components Al and A2,
and

B contains a carrier oxide and the components Bl, B2,
and B3,

wherein

Al and B1 stand for at least one oxide of vanadium,

A2 and B2 for at least one oxide of tungsten, and

B3 for at least one oxide of silicon,

characterized 1n that

the proportion of component Al 1n layer A 1n wt % with

respect to the total weight of layer A 1s greater than the
proportion of component Bl 1n layer B 1n wt % with
respect to the total weight of layer B, and

the proportion of layer A 1n wt % with respect to the total

weight of layers A and B 1s greater than the proportion
of layer B.

In one embodiment of the present invention, 1n addition to
components Al and A2, layer A also contains a component
A3, wherein A3 stands for at least one oxide of silicon and
wherein the proportion of component A3 1n layer A 1n wt %
with respect to the total weight of layer A 1s smaller than the
proportion of component B3 1n layer B 1n wt % with respect
to the total weight of layer B.

Depending on the operating status of the catalyst accord-
ing to the mvention, components Al to A3 and B1 to B3 can
be present 1n different oxidic forms. The parameters which
determine the respective oxidic forms include, for example,
the concentration of the individual components, the tem-
perature, and the oxygen concentration to which the catalyst
1s exposed. However, the production process of the catalyst
according to the mvention can also have an impact.

As a rule, vanadium 1s present as vanadium pentoxide,
tungsten as tungsten trioxide, and silicon as silicon dioxide.
Depending upon the oxygen concentration, vanadium, tung-
sten and silicon can, however, also be present 1n higher or
lower oxidation states. Furthermore, it 1s also possible that
all oxidic components of layer A and/or all oxidic compo-
nents of layer B form a solid solution in which oxides of the
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individual elements can no longer be distinguished. How-
ever, this 1s, at most, of lesser importance to the eflectiveness
as an SCR catalyst and has no significant influence on
catalytic activity.
Furthermore, the person skilled i the art is able to
determine the present form of the catalysts according to the
invention by means of appropriate analytical methods.
In one embodiment of the catalyst according to the
invention, 1t has at least two catalytically active layers A and
B, wherein
A contains a carrier oxide, vanadium pentoxide as com-
ponent Al, and tungsten trioxide as component A2, and
B contains a carrier oxide, vanadium pentoxide as com-
ponent B1, tungsten trioxide as component B2, and silicon
dioxide as component B3,
characterized 1n that
the proportion of vanadium pentoxide 1n layer A 1n wt %
with respect to the total weight of layer A 1s greater than
the proportion of vanadium pentoxide in layer B in wt
% with respect to the total weight of layer B, and

the proportion of layer A 1n wt % with respect to the total
weight of layers A and B 1s greater than the proportion
of layer B.

In a further embodiment of the catalyst according to the
invention, the proportion of component A2 1n layer A and of
component B2 1n layer B in wt % respectively, with respect
to the total weight of layer A or B, 1s equal, or the proportion
of component A2 1n layer A in wt % with respect to the total
weight of layer A 1s smaller than the proportion of compo-
nent B2 in layer B 1n wt % with respect to the total weight
of layer B.

Layers A and B can, independently of one another, contain
additional components A4 or B4, wherein

A4 stands for one or more metal oxides which are selected
from the series consisting of oxides of copper, iron, man-
ganese, molybdenum, antimony, niobium, silver, palladium,
platinum, and rare earth elements, and

B4, independently of A4, stands for one or more metal
oxides which are selected from the series consisting of
oxides of copper, 1ron, manganese, molybdenum, antimony,
niobium, silver, and rare earth elements.

As 1s the case with components Al to A3 and Bl to B3,
the oxidic form of components A4 and B4 can also differ and
depends, as described above, upon the operating status of the
catalyst according to the imnvention and upon 1ts production
process. Furthermore, metals such as silver, palladium, and
platinum can, depending upon the operating status, also be
present 1n metallic form. For the purposes of the present
invention, the wording selected above—oxides of silver,
platinum, and palladium—also includes, therefore, the met-
als themselves.

Insofar as the catalyst according to the invention contains
components A4 and B4, and they stand for an oxide of a rare
carth element, then, 1n particular, the proportion of rare earth
oxide 1n layer A 1n wt % with respect to the total weight of
layer A 1s smaller than the proportion of rare earth oxide 1n
layer B 1n wt % with respect to the total weight of layer B.

Preferred rare earth elements are lanthanum, cerium,
prascodymium, neodymium, samarium, gadolinium, ter-
bium, dysprosium, erbium, and yttrium.

Insofar as the catalyst according to the invention contains
components A4 and B4, and they stand for an oxide of
copper, 1ron, manganese, molybdenum, niobium, or silver,
then, 1n particular, the proportion of oxides of copper, 1ron,
manganese, molybdenum, niobium, or silver 1n layer A in wt
% with respect to the total weight of layer A 1s larger than
the proportion of oxides of copper, iron, manganese, molyb-
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denum, antimony, niobium, or silver in layer B 1n wt % with
respect to the total weight of layer B.

In one embodiment of the catalyst according to the
invention, 1t contains component A4, but not component B4.

In this case, the proportion of component A4 with respect
to the total weight of layer A amounts to 0.1 to 15 wt %,
wherein, 1n the case of silver, platinum, and palladium, the
proportion 1s calculated as a metal in each case, and, in the
case of the other components, the proportion 1s calculated as
an oxide 1n each case, namely, as CuO, Fe,O,, MnO, MoQO;,
Sb,0O., Nb,O., CeO,, or Er,O,.

Platinum can be used 1n layer A to particular advantage.
Due to 1ts eflicacy at catalytic oxidation, platinum 1s able to
oxidize unreacted ammonia via the SCR reaction and
thereby prevent its release into the environment. Other
active oxidation oxides, for example, those of copper, man-
ganese, and silver, can exhibit this effect.

In one embodiment of the mvention, the proportion of
component Al calculated as vanadium pentoxide amounts to
1.5 to 5 wt %—1n particular, 2 to 4 wt %—with respect to
the total weight of layer A.

In a further embodiment of the mvention, the proportion
of component B1 calculated as vanadium pentoxide amounts
to 1 to 4 wt %—in particular, 1.5 to 3.5 wt %—with respect
to the total weight of layer B.

In a turther embodiment of the invention, the proportion
of component A2 with respect to the total weight of layer A
and the proportion of component B2 with respect to the total
weight of layer B are equal. In this case, the proportion
calculated as tungsten trioxide amounts to, 1n particular, 3 to
12—rpreterably 4.5 to 10 wt %.

In the event that the proportion of component A2 with
respect to the total weight of layer A 1s smaller than the
proportion of component B2 with respect to the total weight
of layer B, then this, calculated as tungsten trioxide,
amounts, 1 particular, to 3 to 5.5—preferably 4.5 to 5 wt %.
The proportion of component B2 with respect to the total
weight of layer B then amounts, 1n particular, to 4.5 to
12—preterably 5 to 10 wt %.

The proportion of component B3 with respect to the total
weight of layer B and calculated as silicon dioxide amounts,
in particular, to 3 to 12—preferably 3.5 to 10 wt %. The
proportion of component A3 with respect to the total weight
of layer A and calculated as silicon dioxide preferably
amounts to 0 to 5 wt %. Insofar as component A3 is present,
it 1s especially preferable that its proportion with respect to
the total weight of layer A and calculated as silicon dioxide
amounts to 1 to 5 wt %.

Insofar as components A4 or B4 are present, their pro-
portion with respect to the total weight of layer A or layer B
amounts, 1 particular, to 0.1 to 15 wt %. These figures, with
the exception of silver, platinum, and palladium, whose
proportion 1s calculated as a metal 1n each case, are calcu-
lated on the proportion of the oxides CuO, Fe,O,, MnO,
MoO,, Sb,0., Nb,O., CeO,, Er,O;, etc.

In a further embodiment of the present invention,

the proportion of component Al calculated as vanadium

pentoxide amounts to 1.5 to 5 wt % with respect to the
total weight of layer A, and
the proportion of component Bl calculated as vanadium
pentoxide amounts to 1 to 4 wt % with respect to the
total weight of layer B,

the proportion of component A2 with respect to the total
weight of layer A and the proportion of component B2
with respect to the total weight of layer B are equal and,
calculated as tungsten trioxide, amount to 3 to 12 wt %,
or the proportion of component A2 with respect to the
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total weight of layer A 1s smaller than the proportion of
component B2 with respect to the total weight of layer
B and, calculated as tungsten trioxide, amounts to 3 to
5.5 wt %, wherein the proportion of component B2
with respect to the total weight of layer B then amounts

to 4.5 to 12 wt %, and

the proportion of component B3 with respect to the total
weight of layer B and calculated as silicon dioxide
amounts to 3 to 12 wt %, wherein component A3 1s not
present or 1ts proportion with respect to the total weight
of layer A and calculated as silicon dioxide amounts to
1 to 5 wt %.

In a further embodiment of the present invention,

the proportion of component Al, calculated as vanadium
pentoxide, amounts to 2 to 4 wt % with respect to the
total weight of layer A, and
the proportion of component B1, calculated as vanadium
pentoxide, amounts to 1.5 to 3.5 wt % with respect to
the total weight of layer B,

the proportion of component A2 with respect to the total
weilght of layer A and the proportion of component B2
with respect to the total weight of layer B are equal and,
calculated as tungsten trioxide, amount to 4.5 to 10 wt
%, or the proportion of component A2, with respect to
the total weight of layer A, 1s smaller than the propor-
tion of component B2, with respect to the total weight
of layer B, and, calculated as tungsten trioxide,
amounts to 4.5 to 5 wt %, wherein the proportion of
component B2 with respect to the total weight of layer
B then amounts to 5 to 10 wt %, and

the proportion of component B3 with respect to the total
weight of layer B and calculated as silicon dioxide
amounts to 3.5 to 10 wt %, wherein component A3 1s
not present, or its proportion with respect to the total
weight of layer A and calculated as silicon dioxide
amounts to 1 to 5 wt %.

In embodiments of the catalyst according to the invention,
the carrier oxide 1n layer A and/or B 1s titanium dioxide,
zirconium dioxide, or aluminum oxide. In particular, the
carrier oxide 1 layer A and B 1s titanium dioxide. The
preferred titanium dioxide 1s present at a minimum of 95%
in the anatase modification and at a maximum of 5% in the
rutile modification. Its BET surface area i1s, i particular,
larger than 80 m*/g and amounts to, for example, 80 to 250
m>/g.

The proportion of carrier oxide 1n wt % with respect to the
respective layer 1s denived simply as the difference in the
sum of the proportions of the remaining components, for
example, Al, A2, A3, and A4 or B1, B2, B3, and B4 and 100.

According to the invention, the proportion of layer A 1n wt
% with respect to the total weight of layers A and B 1s greater
than the proportion of layer B.

In embodiments of the present invention, the proportion
of layer B amounts to 12.5 to 25% with respect to the total
weight of layers A and B.

In particular, layer A 1s used 1n quantities of 100 to
220——pretferably 120 to 210 g/l—and layer B 1s used 1n
quantities of 14 to 75 g/1 with respect to the volume of the
carrier substrate 1n each case.

Layers A and B of the catalyst according to the mvention
are advantageously applied to a catalytically 1nert supporting
body made from ceramic or metallic material, which has a
first end a, a second end b, and a length L, which extends
between ends a and b. Thereby, the catalytically inert
supporting body can be a throughput honeycomb body or a
wall tlow filter. Insofar as a wall tlow filter 1s used as a
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catalytically inert supporting body, the catalyst according to
the invention can be used as a diesel particle filter provided
with an SCR-active coating.

The arrangement of layers A and B on the catalytically
inert supporting body can differ. In particular, however, they
are arranged so that when used as intended, the catalyst
according to the invention can be installed in the motor
vehicle so that layer B comes 1nto contact with the exhaust
gas to be cleaned before layer A.

In this way, for example, layer A 1s directly applied to the
inert supporting body across 1ts entire length, and layer B 1s
applied to layer A and completely covers it on the exhaust
gas side.

In a further embodiment, layer A, originating from end a
of the catalytically inert supporting body, can be applied to
a length La, and layer B, originating from end b of the
catalytically 1nert supporting body, can be applied to a length
Lb, wherein L.a amounts to 50 to 75% and Lb amounts to 25
to 50% of the length L, and La+Lb=L. In a further embodi-
ment, layer A and layer B can be applied to two diflerent
catalytically mert supporting bodies arranged in succession.
In this case, with the intended use of the catalyst according
to the invention, the layer B catalytically inert supporting
body 1s found, 1n particular, on the imnflow side of the layer
A catalytically inert supporting body.

Ultimately, 1t 1s also possible to not apply layers A and B
to a catalytically inert supporting body, but rather to form
layer A as an extruded supporting body upon which layer B
1s applied 1n the form of a coating.

Layers A and B are applied to the catalytically 1nert

supporting body in accordance with customary dip coating
methods or pump and suck coating methods with subsequent
thermal post-treatment (calcination and reduction using
forming gas or hydrogen, 11 applicable). These methods are
sufliciently known from the prior art.
The catalyst according to the invention 1s particularly
well-suited to the reduction of nitrogen oxides in exhaust
gases of lean-burn iternal combustion engines, in particu-
lar, diesel engines.

The present invention, therefore, also relates to a method
for the reduction of nitrogen oxides in exhaust gases of
lean-burn internal combustion engines, comprising the fol-
lowing method steps:

adding a reducing agent to the exhaust gas containing

nitrogen oxides and

passing the resulting mixture from the exhaust gas con-

tamning nitrogen oxides and reducing agent over a
catalyst according to the mvention,

wherein the catalyst 1s arranged such that the mixture of

exhaust gas contaiming nitrogen oxides and reducing
agent comes into contact with layer B first.

As a reducing agent, ammonia comes especially into
consideration, whereby, with particular advantage, not
ammonia itself, but an ammonia precursor—in particular,
urca—1s added to the nitrogen oxide containing exhaust gas.

However, hydrocarbons can also be used as the reducing
agent (the so-called HC-deNOx process), wherein the
hydrocarbons can be added to the exhaust gas containing
nitrogen oxides, or wherein the hydrocarbons can be formed
in the exhaust gas stream (the so-called passive HC-deNOx
process). The various processes or the various reducing
agents are known to the person skilled in the art and are
described in detail 1n the literature.

In particular, the catalyst according to the invention 1s
used as a component ol an exhaust gas cleaning system
which, for example, comprises an oxidation catalyst and a
diesel particle filter arranged on the inflow side, 1n addition
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to the catalyst according to the invention. The catalyst
according to the invention can, thereby, also be present as a

coating on the diesel particle filter.

The present invention, therefore, also concerns an exhaust
gas cleaning system for treating diesel exhaust gas which, 1n
the direction of flow of the exhaust gas, comprises

an oxidation catalyst,

a diesel particle filter, and

a catalyst according to the mmvention or

an oxidation catalyst and

a diesel particle filter on which a catalyst according to the

invention 1s present as a coating,

wherein the catalyst according to the invention 1s arranged
such that the exhaust gas containing nitrogen oxides comes
into contact with layer B first.

Oxidation catalysts and diesel particle filters suitable for
the exhaust gas cleaning system are known to the person
skilled 1n the art and are available on the market.

As a rule, the exhaust gas cleaning system according to
the mvention comprises a device for dosing ammonia, which
1s arranged on the intlow side of the catalyst according to the
invention, or a compound from which ammonia 1s formed,
for example, urea. The present invention also concerns a
method for the reduction of nitrogen oxides 1n exhaust gases
of lean-burn internal combustion engines, 1n particular,
diesel engines, which 1s characterized 1n that the exhaust gas
1s channeled through an exhaust gas cleaning system accord-
ing to the mvention.

EXAMPLES 1 TO 8

Production of Catalyst Powders:

A) Catalyst Powder A of the Composition

87.8 wt % 110, as carrier, 2.2 wt % V,0., and 10 wt %
WO,; was produced as follows: Commercially available
titanium dioxide (anatase) in powder form was placed 1n a
container. Then, an aqueous solution of ammonmium meta-
tungstate and ammonium metavanadate dissolved 1n oxalic
acid was slowly added in the appropriate quantity under
constant mixing. The powder thus obtained was dried at
110° C. and then calcined at 600° C. for 6 hours.

B) Catalyst Powder B of the Composition

87.8 wt % Ti0, as carrier, 2.2 wt % V,O., and 10 wt %
WO,; was produced as follows: Commercially available
titanium dioxide (anatase) in powder form doped with 10 wt
% tungsten oxide was placed in a container. Then, ammo-
nium metavanadate dissolved 1n oxalic acid was slowly
added 1n the appropriate quantity under constant mixing.
The powder thus obtaimned was dried at 110° C. and then
calcined at 600° C. for 6 hours.

C) Catalyst Powder C of the Composition

79.4 wt % 110, as carrier, 1.8 wt % V,0., 10 wt % WO,
and 8.8 wt % S10, was produced as follows:

Commercially available titamium dioxide (anatase) in
powder form doped with 10 wt % S10, was placed 1 a
container. Then, an aqueous solution of ammonium meta-
tungstate and ammonium metavanadate dissolved 1n oxalic
acid was slowly added in the appropriate quantity under
constant mixing. The powder thus obtained was dried at
110° C. and then calcined at 600° C. for 6 hours.

D) Catalyst Powder D of the Composition

78.5 wt % 110, as carnier, 1.8 wt % V,0., 10 wt % WO,
and 9.7 wt % S10, was produced as follows:

Commercially available titanium dioxide (anatase) in
powder form doped with 10 wt % S10, and 9 wt % tungsten
oxide was placed 1n a container. Then, ammonium metava-
nadate dissolved in oxalic acid was slowly added in the
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appropriate quantity under constant mixing. The powder
thus obtained was dried at 110° C. and then calcined at 600°

C. for 6 hours.

EXAMPLE 1

a) To produce a catalyst according to the invention,
catalyst powder A was slurried 1n water and coated 1n the
usual way along the entire length of a commercial flow
substrate. It was then dried at 110° C. and calcined at 600°
C. for 6 hours. The washcoat load amounted to 210 g/l

b) Then, catalyst powder C was slurried in water and
coated 1n the usual way along the entire length of the tlow
substrate obtained in accordance with the above step a) and
coated with catalyst powder A. It was again dried at 110° C.
and calcined at 600° C. for 6 hours. The washcoat load of the
second layer amounted to 70 g/l

The catalyst according to the imnvention thus obtained 1s
referred to below as K1.

EXAMPLE 2

Catalyst powder D was slurried 1n water and coated in the
usual way along the entire length of the tlow substrate
obtained 1n accordance with Example 1a) and coated with
catalyst powder A. It was again dried at 110° C. and calcined
at 600° C. for 6 hours. The washcoat load of the second layer
amounted to 70 g/l

The catalyst according to the imnvention thus obtained 1s
referred to below as K2.

EXAMPLE 3

a) To produce a catalyst according to the invention,
catalyst powder B was slurried in water and coated in the
usual way along the entire length of a commercial flow
substrate. It was then dried at 110° C. and calcined at 600°
C. for 6 hours. The washcoat load amounted to 210 g/1.

b) Then, catalyst powder C was slurried in water and
coated 1n the usual way along the entire length of the tlow
substrate obtained in accordance with the above step a) and
coated with catalyst powder B. It was again dried at 110° C.
and calcined at 600° C. for 6 hours. The washcoat load of the
second layer amounted to 70 g/l.

The catalyst according to the invention thus obtained 1s
referred to below as K3.

EXAMPLE 4

Catalyst powder D was slurried 1in water and coated in the
usual way along the entire length of a commercial flow
substrate obtained 1n accordance with Example 3a) and
coated with catalyst powder B. It was again dried at 110° C.
and calcined at 600° C. for 6 hours. The washcoat load of the
second layer amounted to 70 g/l.

The catalyst according to the imnvention thus obtained 1s
referred to below as K4.

EXAMPLE 5

a) To produce a catalyst according to the invention,
catalyst powder A was slurried 1n water and coated in the
usual way along 75% of the total length of a commercial

flow substrate starting from one side. It was then dried at

110° C. and calcined at 600° C. for 6 hours. The washcoat
load amounted to 280 g/l.
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b) Then, catalyst powder C was slurned in water and
coated 1n the usual way along the remaining 25% of the total
length of a commercial flow substrate obtained 1n accor-
dance with the above step a) and coated with catalyst powder
A. It was again dried at 110° C. and calcined at 600° C. for

6 hours. The washcoat load of the second layer amounted to
280 ¢g/1.

The catalyst according to the invention thus obtained 1s
referred to below as K5.

EXAMPLE 6

Catalyst powder D was slurried 1in water and coated 1n the
usual way along the remaining 25% of the total length of a
commercial flow substrate obtained in accordance with
Example 5a) and coated along 75% of 1ts length with
catalyst powder A. It was again dried at 110° C. and calcined
at 600° C. for 6 hours. The washcoat load of the second layer
amounted to 280 g/1.

The catalyst according to the invention thus obtained 1s
referred to below as K6.

EXAMPLE 7

a) To produce a catalyst according to the invention,
catalyst powder B was slurried in water and coated in the
usual way along 75% of the total length of a commercial
flow substrate starting from one side. It was then dried at
110° C. and calcined at 600° C. for 6 hours. The washcoat
load amounted to 280 g/l.

b) Then, catalyst powder C was slurned in water and
coated 1n the usual way along the remaining 25% of the total
length of a commercial flow substrate obtained in accor-
dance with the above step a) and coated with catalyst powder
A. It was again dried at 110° C. and calcined at 600° C. for
6 hours. The washcoat load of the second layer amounted to
280 ¢g/1.

The catalyst according to the invention thus obtained 1s
referred to below as K7.

EXAMPLE 3

Catalyst powder D was slurried 1n water and coated in the
usual way along the remaining 25% of the total length of a
commercial flow substrate obtained in accordance with
Example 7a) and coated along 75% of its length with
catalyst powder B. It was again dried at 110° C. and calcined
at 600° C. for 6 hours. The washcoat load of the second layer
amounted to 280 g/1.
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The catalyst according to the invention thus obtained 1s
referred to below as K8.

COMPARATIV.

EXAMPLE 1

(Ll

By analogy with example 1a, a commercial flow substrate
1s coated along its entire length with catalyst powder A 1n a
quantity of 280 g/l.

The catalyst obtained 1s referred to below as VKI.

COMPARAIIVE EXAMPLE 2

(L]

By analogy with example 3a, a commercial tlow substrate
1s coated along its entire length with catalyst powder B 1n a
quantity of 280 g/l.

The catalyst obtained 1s referred to below as VK2.

COMPARAITIVE EXAMPLE 3

(L]

To produce a comparative catalyst, catalyst powder C was
slurried 1n water and coated 1n the usual way along the entire

length of a commercial tlow substrate. It was then dried at
110° C. and calcined at 600° C. for 6 hours. The washcoat
load amounted to 280 g/l. The catalyst thus obtained 1is

referred to below as VK3.
COMPARATIV]

(L]

EXAMPLE 4

To produce a comparative catalyst, catalyst powder D was
slurried 1n water and coated 1n the usual way along the entire
length of a commercial tlow substrate. It was then dried at
110° C. and calcined at 600° C. for 6 hours. The washcoat
load amounted to 280 g/l. The catalyst thus obtained is
referred to below as VKA4.

Prior to the catalysts being tested in accordance with
examples 1 to 8 and comparative examples 1 to 4, they were
first hydrothermally aged for 100 hours at 580° C. 1n a gas
atmosphere (10% O,, 10% H,O, remainder N,).

In the case of the layer catalysts from examples 1 to 4, 1n
order to determine the NO-rates of the aged catalyst, drill
cores with L=3" and D=1% were tested 1n a quartz glass

reactor between 150 and 540° C. under stationary conditions
(GHSV=30000 1/h, synthesis gas composition: 500 ppm

NO, 450 ppm NH, (a=xNH,;/xNOx=0.9; xNOx=xNO+
xINO.,,, where x denotes concentration 1n each case), 5% 0.,
5% H,O, remainder N.,.

The NO rates of the zoned catalysts from examples 5 to
8 were determined analogously, wherein drill cores were
used, which exhibit the two zones 1n the same length ratio
as 1n the originally coated substrate.

The following NO rates mn %, standardized to a, were
obtained:

Temperature | C.]

K1
K?2
K3
K4
K5
K6
K7
K&
VK1
VK2
VK3

VK4

150

B B oo o0 ] 00 ~] =] o0 ND OOyl

175 200 250 300 350 400 450 500 550
18 42 % 100 100 100 09 93 73
15 34 90 100 100 100 09 92 64
21 44 95 99 100 100 99 90 63
19 41 92 08 99 99 97 86 50
17 37 90 100 100 100 100 90 64
17 37 89 100 100 100 99 89 61
18 39 91 100 100 100 99 85 54
19 40 92 100 100 100 99 85 52
21 43 97 09 100 100 06 73 18
, 44 95 100 100 100 05 66 _3
1 27 78 97 99 99 08 95 84
9 24 70 03 96 06 06 93 82
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EXAMPLES 9 TO 20

To produce additional catalysts according to the inven-
tion, the following catalyst powders were used:

E) Catalyst Powder E of the Composition

87.8 wt % 110, as carrier, 3.5 wt % V,0., 4.5 wt % WO,,
and 4.6 wt % S10, was produced as follows:

Commercially available titanmium dioxide (anatase) in
powder form doped with 5 wt % S10, was placed i a
container. Then, an aqueous solution of ammonmum meta-
tungstate and ammonium metavanadate dissolved 1n oxalic
acid was slowly added in the appropriate quantity under
constant mixing. The powder thus obtained was dried at
110° C. and then calcined at 600° C. for 6 hours.

F) Catalyst Powder F of the Composition

92.0 wt % T10, as carrier, 3.0 wt % V,O., and 5 wt %
WO, was produced as follows: Commercially available
titanium dioxide (anatase) i powder form was placed 1n a
container. Then, an aqueous solution of ammomum meta-
tungstate and ammonium metavanadate dissolved 1n oxalic
acid was slowly added in the appropriate quantity under
constant mixing. The powder thus obtained was dried at
110° C. and then calcined at 600° C. for 6 hours.

(o) Catalyst Powder G of the Composition

92.5 wt % T10, as carrier, 2.5 wt % V,O., and 5 wt %
WO, was produced as follows: Commercially available
titanium dioxide (anatase) in powder form was placed 1n a
container. Then, an aqueous solution of ammonium meta-
tungstate and ammonium metavanadate dissolved 1n oxalic
acid was slowly added in the appropriate quantity under
constant mixing. The powder thus obtained was dried at
110° C. and then calcined at 600° C. for 6 hours.

H) Catalyst Powder H of the Composition

91.5 wt % T10, as carrier, 2.5 wt % V,0., 5 wt % WO,,
and 1 wt % silver was produced as follows:

Commercially available titanium dioxide (anatase) in
powder form was placed in a container. Then, aqueous
solutions of ammonium metatungstate and silver acetate and
ammonium metavanadate dissolved in oxalic acid were
slowly added in the appropriate quantities under constant
mixing. The powder thus obtained was dried at 110° C. and
then calcined at 600° C. for 6 hours. The powder thus
obtained was dried at 110° C. and then calcined at 600° C.
for 6 hours.

I) Catalyst Powder I of the Composition

92.0 wt % T10, as carrier, 2.5 wt % V,0., 5 wt % WO,,
and 0.5 wt % MnO was produced as follows:

Commercially available titanmium dioxide (anatase) in
powder form was placed in a container. Then, aqueous
solutions of manganese acetate, ammonium metatungstate,
and ammonium metavanadate dissolved in oxalic acid were
slowly added in the appropriate quantities under constant
mixing. The powder thus obtained was dried at 110° C. and
then calcined at 600° C. for 6 hours.

1) Catalyst Powder J of the Composition

74.9 wt % T10,, as carrier, 4.0 wt % V,0., 8.3 wt % WO,,
9.3 wt % 510, and 3.5 wt % Fe,O,was produced as follows:

Commercially available titanmium dioxide (anatase) in
powder form doped with 5 wt % S10, was placed 1n a
container and intensively mixed with the appropriate quan-
tity of 1ron vanadate. Then, an aqueous solution of ammo-
nium metatungstate in the appropriate quantity was slowly
added under constant mixing. The powder thus obtained was
dried at 110° C. and then calcined at 600° C. for 6 hours.

K) Catalyst Powder K of the Composition

88.6 wt % 110, as carrier, 1.6 wt % V,O., 5.0 wt % WO,,
4.3 wt % S10,, and 0.5 wt % CuO was produced as follows:
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Commercially available titanium dioxide (anatase) in
powder form doped with 5 wt % S10, was placed 1 a
container. Then, aqueous solutions of ammonium metatung-
state and copper acetate, and ammomum metavanadate
dissolved 1n oxalic acid were slowly added 1n the appropri-
ate quantities under constant mixing. The powder thus

obtained was dried at 110° C. and then calcined at 600° C.
for 6 hours.

L) Catalyst Powder L of the Composition
87.2 wt % 110, as carrier, 1.6 wt % V,0., 5.0 wt % WO,,

4.2 wt % S10,, and 2.0 wt % Nb,O. was produced as
follows:

Commercially available titanium dioxide (anatase) in
powder form doped with 5 wt % S10, was placed 1 a
container. Then, aqueous solutions of ammonium metatung-
state and ammonium niobium oxalate, and ammonium meta-
vanadate dissolved 1n oxalic acid were slowly added in the
appropriate quantities under constant mixing. The powder

thus obtained was dried at 110° C. and then calcined at 600°
C. for 6 hours.

M) Catalyst Powder M of the Composition
87.2 wt % 110, as carrier, 1.6 wt % V,0., 5.0 wt % WO,,

4.2 wt % S10,, and 2.0 wt % MoO,; was produced as
follows:

Commercially available titanium dioxide (anatase) in
powder form doped with 5 wt % S10, was placed 1 a
container. Then, aqueous solutions of ammonium metatung-
state and ammonium molybdate, and ammonium metava-
nadate dissolved in oxalic acid were slowly added in the
appropriate quantities under constant mixing. The powder

thus obtained was dried at 110° C. and then calcined at 600°
C. for 6 hours.

N) Catalyst Powder N of the Composition
88.8 wt % 110, as carrier, 1.5 wt % V,0., 5.0 wt % WO,

and 4.7 wt % S10, was produced as follows:
Commercially available titantum dioxide (anatase) in
powder form doped with 5 wt % S10, was placed 1n a
container. Then, an aqueous solution of ammomum meta-
tungstate and ammonium metavanadate dissolved 1n oxalic
acid was slowly added in the appropniate quantity under
constant mixing. The powder thus obtained was dried at

110° C. and then calcined at 600° C. for 6 hours.

O) Catalyst Powder O of the Composition

75.8 wt % T10, as carrier, 2.1 wt % V,0O., 8.4 wt % WO,,
9.4 wt % S10,, and 4.3 wt % CeO, was produced as follows:

Commercially available titanium dioxide (anatase) in
powder form doped with 10 wt % S10, and 9 wt % WO, was
placed 1n a container. Then, aqueous solutions of ammonium
metatungstate and cerium acetate, and ammonium metava-
nadate dissolved in oxalic acid were slowly added in the
appropriate quantities under constant mixing. The powder

thus obtained was dried at 110° C. and then calcined at 600°
C. for 6 hours.

P) Catalyst Powder P of the Composition

65.1 wt % T10, as carrier, 3.2 wt % V,0., 7.2 wt % WO,
8.0 wt % S10,, 2.8 wt % Fe,O,, and 13.6 wt % Er,O, was
produced as follows:

Commercially available titanium dioxide (anatase) in
powder form doped with 10 wt % S10, and 9 wt % WO, was
placed 1n a container and mixed intensively with the appro-
priate quantity of iron erbium vanadate. Then, an aqueous
solution of ammonium metatungstate 1 the appropriate
quantity was slowly added under constant mixing. The
powder thus obtained was dried at 110° C. and then calcined
at 600° C. for 6 hours.

Q) Catalyst Powder QQ of the Composition

87.7T wt % T10, as carrier, 1.6 wt % V,0., 5.0 wt % WO,
4.2 wt % S10,, and 1.5 wt % Sb,0O. was produced as

follows:
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Commercially available titamium dioxide (anatase) in
powder form doped with 5 wt % S10, was placed 1n a
container. Then, aqueous solutions of ammonium metatung-
state and antimony acetate, and ammonium metavanadate

dissolved 1n oxalic acid were slowly added 1n the appropri- 5
ate quantities under constant mixing. The powder thus
obtained was dried at 110° C. and then calcined at 600° C.
for 6 hours.

Analogously, as described 1n examples 1 to 4, using
catalyst powders E to Q), the layer catalysts according to the 10
invention from examples 9 to 20 were obtained in accor-
dance with the following table.

Bottom layer Top layer 15

Example (directly on the substrate) (on the bottom layer)

9 120 g/l catalyst powder E 40 g/l catalyst powder N
10 140 g/l catalyst powder E 20 g/l catalyst powder N
11 120 g/l catalyst powder F 40 g/l catalyst powder N
12 120 g/l catalyst powder H 40 g/l catalyst powder N 50
13 120 g/l catalyst powder E 40 g/l catalyst powder O
14 120 g/l catalyst powder L 40 g/l catalyst powder N
15 120 g/l catalyst powder J 40 g/l catalyst powder D
16 120 g/l catalyst powder E 40 g/l catalyst powder P
17 120 g/l catalyst powder I 40 g/l catalyst powder N
1% 120 g/l catalyst powder K 40 g/l catalyst powder N
19 120 g/l catalyst powder M 40 g/l catalyst powder N 23
20 120 g/l catalyst powder Q 40 g/l catalyst powder N

To produce comparative examples 5 to 12, a quantity of
160 g/1 of catalyst powder E, N, F, H, O, P, I, or K was coated -
along the entire length of a commercially available tflow
substrate. The catalysts thus obtained are hereafter referred
to as follows:

VK5 (containing catalyst powder E),

VK6 (containing catalyst powder N), 35

VK7 (containing catalyst powder F) and

VK& (containing catalyst powder H)

VK9 (containing catalyst powder O)

VK10 (containing catalyst powder P)

VK11 (containing catalyst powder I) 40

VK12 (containing catalyst powder K)

The NO rates of the fresh catalysts in accordance with
examples 10, 11, 12, 13, 16, 17, and 18 (referred to below
as K10, K11, K12, K13, K16, K17, and K18) and compara-
tive catalysts VK5 to VK12 were determined as described 42
above. The following NO rates 1n %, standardized to a, were
obtained:

Temperature [° C.

150 175 200 250 300 350 400 450 500
K10 4 10 23 71 Q7 99 99 0¥ 93
K11 4 11 26 79 100 100 100 100 935
K12 2 6 15 54 92 OX 97 95 86
K13 5 14 32 78 89 90 90 89 R4
K16 7 17 3% 89 99 100 100 OR 93
K17 3 8 20 68 O& 100 100 99 95
K1X¥ 2 3 8 37 84 96 97 OR 935
VK5 6 16 35 8O 99 100 100 Ok 8Y
VKb 2 3 8 34 81 O& 99 99 Q7
VK7 7 16 36 89 99 99 99 Q7 86
VK& 3 7 1% 57 90 06 95 90 73
VK9 2 6 15 53 91 OX 99 0¥ 935
VK10 1 4 10 41 83 97 98 97 92
VK11 3 7 17 61 95 99 99 0¥ 04
VK12 2 4 10 41 85 97 98 98 89

14

R) Catalyst Powder R of the Composition

77.1 wt % T10,, as carrier, 3.61 wt % V,0O, 11.17 wt %
WO,, and 8.12 wt % S10, was produced as follows:

A mixture of 11.29 wt % of a pure, commercially avail-
able titantum dioxide (anatase) and 81.23 wt % of a com-
mercially available titanium dioxide (anatase) doped with 10
wt % S10, and 9 wt % WO, was placed in a container. Then,
aqueous solutions of ammonium metatungstate (3.86 wt %
calculated as WO,) and ammonium metavanadate (3.61 wt
% calculated as V,0O.) were slowly added under constant
mixing. The powder thus obtained was dried at 110° C. and
then calcined at 600° C. for 6 hours.

S) Catalyst Powder S of the Composition

73.02 wt % T10, as carrier, 3.42 wt % V,0O., 15.87 wt %
WO,; and 7.69 wt % S10, was produced as tollows:

A mixture of 10.70 wt % of a pure, commercially avail-
able titanium dioxide (anatase) and 76.94 wt % of a com-
mercially available titanium dioxide (anatase) doped with 10
wt % S10, and 9 wt % WO, was placed 1n a container. Then,
aqueous solutions of ammomum metatungstate (8.95 wt %
calculated as WO,) and ammonium metavanadate (3.42 wt
% calculated as V,0O.) were slowly added under constant

mixing. The powder thus obtained was dried at 110° C. and
then calcined at 600° C. for 6 hours.

EXAMPL.

L1

21

a) To produce a catalyst according to the invention,
catalyst powder S was slurried 1n water and coated 1n the
usual way starting from one side along a length of 1.2" of a
commercial flow substrate having a length of 3.0", 1.e., 40%
of its total length. It was then dried at 110° C. and calcined
at 600° C. for 6 hours. The washcoat load amounted to 160
o/l.

b) Then, catalyst powder R was slurried in water and
coated 1n the usual way along the remaining 60% of the total
length of the flow substrate obtained 1n accordance with the
above step (a) and coated with catalyst powder S. It was
again dried at 110° C. and calcined at 600° C. for 6 hours.
The washcoat load of the second layer likewise amounted to

160 g/l.

The catalyst according to the imnvention thus obtained 1s
referred to below as K13.

COMPARATIVE EXAMPL

T

13

a) To produce a comparative catalyst, catalyst powder R
was slurried 1n water and coated 1n the usual way starting
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from one side along a length of 1.2" of a commercial tlow
substrate having a length ot 3.0", 1.e., 40% of 1its total length.
It was then dried at 110° C. and calcined at 600° C. for 6
hours. The washcoat load amounted to 160 g/1.

b) Then, catalyst powder S was slurried in water and
coated 1n the usual way along the remaining 60% of the total
length of the flow substrate obtained 1n accordance with the
above step (a) and coated with catalyst powder R. It was
again dried at 110° C. and calcined at 600° C. for 6 hours.
The washcoat load of the second layer likewise amounted to
160 g/1.

The catalyst thus obtained 1s referred to below as VK13.

In VK13, the proportion of V,O: 1 layer A (the layer
produced 1n step (a)) 1n wt % with respect to the total weight
of layer A 1s smaller than the proportion of V,O; 1n layer B
(the layer produced 1n step (b)) 1n wt % with respect to the

total weight of layer B. In this respect, VK13 corresponds to
example 2 of US 2013/205743.
The NO rates of fresh catalysts K13 and VK13 were

determined as described above. The following NO rates 1n
%, standardized to a, were obtained:

Temperature [° C.]

5

10

15

20

16

B contains a carrier oxide, vanadium pentoxide as com-
ponent B1, tungsten trioxide as component B2, and
silicon dioxide as component B3,

characterized 1n that

the proportion of vanadium pentoxide 1n layer A in wt
% with respect to the total weight of layer A 1s
greater than the proportion of vanadium pentoxide in
layer B 1n wt % with respect to the total weight of
layer B, and

the proportion of layer A 1 wt % with respect to the
total weight of layers A and B 1s greater than the
proportion of layer B.

4. The catalyst according to claim 1, characterized in that
the proportion of component A2 1n layer A and component
B2 1n layer B 1n wt % respectively with respect to the total
weight of layer A or B 1s equal, or the proportion of
component A2 1n layer A in wt % with respect to the total
weilght of layer A 1s smaller than the proportion of compo-
nent B2 1n layer B 1n wt % with respect to the total weight
of layer B.

150 175 200 250 300 350 400 450 500
K13 0 16 38 94 99 99 99 98 90
VKI13 0 15 35 93 100 100 100 98 85
30

The invention claimed 1s:
1. A catalyst for the selective reduction of nitrogen oxides
comprising two catalytically active layers A and B, wherein

A contains a carrier oxide and the components Al and A2,
and

B contains a carrier oxide and the components B1, B2,

and B3,

wherein

Al and B1 stand for at least one oxide of vanadium,

A2 and B2 for at least one oxide of tungsten, and

B3 for at least one oxide of silicon,

characterized 1n that

the proportion of component Al 1n layer A 1n wt % with
respect to the total weight of layer A 1s greater than
the proportion of component Bl 1n layer B 1n wt %
with respect to the total weight of layer B, and

the proportion of layer A mn wt % with respect to the
total weight of layers A and B 1s greater than the
proportion of layer B, and wherein layers A and B are
applied to a catalytically inert supporting body made
from ceramic or metallic material having a first end
a, a second end b, and a length L, which extends
between the ends a and b, and such that layer B
covers over layer A such that layer B 1s exposed to
exhaust gas before layer A.

2. The catalyst according to claim 1, characterized 1n that
layer A, 1n addition to components Al and A2, contains a
component A3, wherein A3 stands for at least one oxide of
silicon, and wherein the proportion of component A3 1n
layer A 1n wt % with respect to the total weight of layer A
1s smaller than the proportion of component B3 in layer B 1n
wt % with respect to the total weight of layer B.

3. The catalyst according to claim 1, characterized in that
it comprises at least two catalytically active layers A and B,
wherein

A contains a carrier oxide, vanadium pentoxide as com-

ponent Al, and tungsten trioxide as component A2, and
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5. The catalyst according to claim 1, characterized 1n that
the proportion of component Al calculated as vanadium
pentoxide amounts to 1.5 to 5 wt % with respect to the total

weight of layer A.

6. The catalyst according to claim 1, characterized in that
the proportion of component Bl calculated as vanadium
pentoxide amounts to 1 to 4 wt % with respect to the total
weight of layer B.

7. The catalyst according to claim 1, characterized 1n that
the proportion of component A2 with respect to the total
weight of layer A and the proportion of component B2 with
respect to the total weight of layer B are equal and, calcu-
lated as tungsten trioxide, amounts to 3 to 12 wt %.

8. The catalyst according to claim 1, characterized in that
the proportion of component A2 with respect to the total
weilght of layer A 1s smaller than the proportion of compo-
nent B2 with respect to the total weight of layer B and,
calculated as tungsten trioxide, amounts to 3 to 5.5 wt %,
wherein the proportion of component B2 with respect to the
total weight of layer B amounts to 4.5 to 12 wt %.

9. The catalyst according to claim 1, characterized 1n that
the proportion of component B3 with respect to the total
weilght of layer B and calculated as silicon dioxide amounts
to 3 to 12 wt %.

10. The catalyst according to claim 1, characterized in that
the proportion of component A3 with respect to the total
weight of layer A and calculated as silicon dioxide amounts
to 0 to 5 wt %.

11. The catalyst according to claim 1, characterized 1n that

the proportion of component Al calculated as vanadium

pentoxide amounts to 1.5 to 5 wt % with respect to the
total weight of layer A, and

the proportion of component B1 calculated as vanadium

pentoxide amounts to 1 to 4 wt % with respect to the
total weight of layer B, and

the proportion of component A2 with respect to the total

weilght of layer A and the proportion of component B2
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with respect to the total weight of layer B are equal and,
calculated as tungsten trioxide, amount to 3 to 12 wt %,
or

the proportion of component A2 with respect to the total

weight of layer A 1s smaller than the proportion of 5

component B2 with respect to the total weight of layer
B and, calculated as tungsten trioxide, amounts to 3 to
3.5 wt %, wheremn the proportion of component B2
with respect to the total weight of layer B amounts to
4.5 to 12 wt %, and

the proportion of component B3 with respect to the total
weight of layer B and calculated as silicon dioxide
amounts to 3 to 12 wt %, wherein component A3 1s not
present, or its proportion with respect to the total
weight of layer A and calculated as silicon dioxide
amounts to 1 to 5 wt %.

12. The catalyst according to claim 1, characterized 1n that

the proportion of component Al calculated as vanadium
pentoxide amounts to 2 to 4 wt % with respect to the
total weight of layer A, and

the proportion of component Bl calculated as vanadium
pentoxide amounts to 1.5 to 3.5 wt % with respect to
the total weight of layer B, and

the proportion of component A2 with respect to the total
weilght of layer A and the proportion of component B2
with respect to the total weight of layer B are equal and.,
calculated as tungsten trioxide, amount to 4.5 to 10 wt
Y, or

the proportion of component A2 with respect to the total
weight of layer A 1s smaller than the proportion of
component B2 with respect to the total weight of layer
B and, calculated as tungsten trioxide, amounts to 4.5
to 5 wt %, wherein the proportion of component B2,
with respect to the total weight of layer B, amounts to
5 to 10 wt %, and

the proportion of component B3 with respect to the total
weight of layer B and calculated as silicon dioxide
amounts to 3.5 to 10 wt %, wherein component A3 1s
not present, or its proportion with respect to the total
weight of layer A and calculated as silicon dioxide
amounts to 1 to 5 wt %.

13. The catalyst according to claim 1, characterized in that

il

layer A further comprises component A4, or layer B further
comprises component B4, or each of layers A and B further
comprise A4 and B4, respectively, wherein

A4 stands for one or more metal oxides which are selected

from the series consisting of oxides of copper, 1ron,
manganese, molybdenum, antimony, niobium, silver,
palladium, platinum, and rare earth elements, and

B4, independently of A4, stands for one or more metal

oxides which are selected from the series consisting of
oxides of copper, 1ron, manganese, molybdenum, anti-
mony, niobium, silver, and rare earth elements.

14. The catalyst according to claim 13, characterized 1n
that the proportion of component A4 with respect to the total
weight of layer A amounts to 0.1 to 15 wt %, wherein, 1n the
case of silver, platinum and palladium, the proportion 1is
calculated as metal 1n each case, and i1n the case of the
remaining components, the proportion 1s calculated as
oxides 1n each case, namely, as CuO, Fe,O,, MnO, MoQO;,
Sb,O., Nb,O., CeO,, or Er,O,.

15. The catalyst according to claim 1, characterized 1n that
the carrier oxide in layer A and/or B contains titantum
dioxide, zircomium dioxide, aluminum oxide, or mixtures
thereof.

16. The catalyst according to claim 1, characterized 1n that

the carrier oxide 1n layer A and B 1s titantum dioxide.
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17. The catalyst according to claim 1, characterized in that
the catalytically inert supporting body 1s a flow honeycomb
body or a wall tlow filter.

18. The catalyst according to claim 1, wherein the cata-
lytically inert supporting body 1s a wall tlow filter.

19. The catalyst according to claim 1, wherein the cata-
lytically inert supporting body 1s a tflow honeycomb body or
a wall tlow filter, and layer A 1s applied directly to the tlow
honeycomb body or the wall tlow filter along its entire
length, and layer B 1s applied to layer A and completely
covers 1t on the exhaust gas side.

20. A method for the reduction of nitrogen oxides in
exhaust gases of lean-burn internal combustion engines
comprising the method steps of

adding a reducing agent to the exhaust gas containing

nitrogen oxides, and
passing the resulting mixture of exhaust gas containing
nitrogen oxides and reducing agent over a catalyst
according to claim 1,

wherein the catalyst 1s arranged such that the mixture of
exhaust gas contaiming nitrogen oxides and reducing
agent comes into contact with layer B first.

21. An exhaust gas cleaning system for the reduction of
nitrogen oxides 1n exhaust gases of lean-burn internal com-
bustion engines which, 1n the direction of tlow of the exhaust
gas, COMPrises

an oxidation catalyst,

a diesel particle filter, and

a catalyst for the selective reduction of nitrogen oxides

(SCR catalyst) according to claim 1,
wherein the SCR catalyst 1s arranged such that the exhaust
gas containing nitrogen oxides comes 1mnto contact with layer
B first.

22. A method for the reduction of nitrogen oxides 1n
exhaust gases of lean-burn internal combustion engines,
characterized 1n that the exhaust gas 1s channeled through an
exhaust gas cleaning system according to claim 21.

23. An exhaust gas cleaning system for the reduction of
nitrogen oxides 1n exhaust gases of lean-burn internal com-
bustion engines which, in the direction of flow of the exhaust
gas, COMPrises

an oxidation catalyst and

a diesel particle filter on which an SCR catalyst according,

to claim 1 1s present as a coating,
wherein the SCR catalyst coating 1s arranged such that the
exhaust gas containing nitrogen oxides comes nto contact
with layer B first.

24. A method for the reduction of nitrogen oxides in
exhaust gases of lean-burn internal combustion engines,
characterized 1n that the exhaust gas 1s channeled through an
exhaust gas cleaning system according to claim 23.

25. A catalyst for the selective reduction of nitrogen
oxides comprising two catalytically active layers A and B,
wherein

A contains a carrier oxide and the components Al and A2,

and

B contains a carrier oxide and the components Bl, B2,

and B3,

wherein

Al and B1 stand for at least one oxide of vanadium,

A2 and B2 for at least one oxide of tungsten, and

B3 for at least one oxide of silicon,

characterized 1n that

the proportion of component Al 1n layer A in wt % with
respect to the total weight of layer A 1s greater than
the proportion of component Bl 1n layer B in wt %
with respect to the total weight of layer B, and
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the proportion of layer A in wt % with respect to the A contains a carrier oxide and the components Al and A2,
total weight of layers A and B 1s greater than the and
proportion of layer B, 311@; wherein 13}“?1’ sAand B are B contains a carrier oxide and the components Bl, B2,
applied to a catalytically inert supporting body made and B3,

from ceramic or metallic material having a first end 5
a, a second end b, and a length L, which extends
between the ends a and b, and characterized 1n that

wherein
Al and B1 stand for at least one oxide of vanadium,

layer A 1s applied directly to the inert supporting A2 and B2 for at ]east one oxide of tungsten, and
body along its entire length, and layer B 1s applied to B3 for at least one oxide of silicon,

layer A and completely covers 1t on the exhaust gas o characterized in that

side.

the proportion of component Al 1n layer A in wt % with
respect to the total weight of layer A 1s greater than
the proportion of component Bl 1n layer B 1n wt %
with respect to the total weight of layer B, and

26. The catalyst according to claim 23, characterized in
that layer A, 1n addition to components Al and A2, contains
a component A3, wherein A3 stands for at least one oxide of
silicon, and wherein the proportion of component A3 1n
layer A 1n wt % with respect to the total weight of layer A 13
1s smaller than the proportion of component B3 in layer B 1n
wt % with respect to the total weight of layer B.

27. A catalyst for the selective reduction of nitrogen
oxides comprising two catalytically active layers A and B,
wherein I

the proportion of layer A mn wt % with respect to the
total weight of layers A and B 1s greater than the
proportion of layer B, and wherein layer A 1s formed
as an extruded carrier to which layer B 1s applied 1n
the form of a coating.
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